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DRILLING FLUID ADDITIVE AND 
KETHOD FOR INBIBITXMO HYDRATION 

ABSTRACT 

5 

This invention relates to drilling fluid additives 
that suppress clay swelling within a subterranean well 
and to methods for controlling clay swelling during the 
drilling of a subterranean well. A trihydroxy alkyl 

10 amine is reacted with an alkyl halide or a water soluble 
quaternary amine to form a quaternized trihydroxy alkyl 
amine. The reaction products can also include condensed 
reactior. products of quaternized trihydroxy alkyl amines. 
The quaternized reaction products are characterized by 

15 low toxicity and compatibility with anionic drilling 

fluid components. The products are added to water base 
drilling fluids which are circulated throughout a well. 
The drilling fluid additives and the method of 
controlling clay swelling provide for improved control of 

20 the rheologlcal properties of drilling fluids along with 
Increased environmental and drilling fluid compatibility. 
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10 DRILL IMC FLUID ADDITIVE AVD 

METHOD FOR ZNHZBZTZItO BT DRAT I OB 

Tho invention relate* to drillinq fluid additives 
which suppress clay swell Inq within a subterranean well. 
15 The invention is particularly directed to hydration 
inhibiting additives for drilling fluids comprising 
hydroxys lkyl quaternary ammonium compounds which are 
compatible with anionic polymers and are environmentally 
acceptable. 

20 

In rotary drillinq of subterranean wells numerous 
functions and characteristics are expected of a drilling 
fluid. A drilling fluid should circulate throughout the 
well and carry cuttings from beneath the bit, transport the 

25 cuttings up the annul us, and allow their separ**!sn at the 
surface. At r.he same time, the drilling fluid is expected 
to cool and clean the drill bit, reduce friction between 
the drill string and the sides of the hole, and maintain 
stability in the borehole's uncased sections. The drilling 

30 fluid should also form a thin, low-permeablwty filter cake 
that seal* openings in formations penetrated by the bit and 
act to reduce the unwanted influx of formation fluids from 
permeable rocks. 

35 Drilling fluids are typically classified according to 

their base material. In oil-base fluids, solid particles 
are suspended in oil, and water or brine may be emulsified 
with the oil. The oil is typically ths continuous phase. 
In water-base fluids, solid particles are suspended in 

40 water or brine, and oil may be emulsified in the water. 
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The water is typically the continuous phase. Oil-base 
fluids are generally more effective in stabilizing water- 
sensitive shales than water-base fluids. However, 
environmental concerns have limited the use of oil-base 
5 drilling fluids. Accordingly, oil drilling companies have 
increasingly focused on water-base fluids. 

Three types of solids are usually found in water base 
drilling fluids: (l) clays and organic colloids added to 
10 provide necessary viscosity and filtration properties, (2) 
heavy minerals whose function is to Increase the drilling 
fluid's density, and (3> formation solids that become 
dispersed in the drilling fluid during the drilling 
operation. 

15 

The formation solids that become dispersed in a 
drilling fluid are typically the cuttings produced by the 
drill bit's action and the solids produced by borehole 
instability. Where the formation solids are clay minerals 

20 that swell, the presence of either type of formation solids 
in the drilling fluid can greatly Increase drilling time 
and costs. The overall increase in bulk volume 
accompanying clay swelling impedes removal of cuttings from 
beneath the drill bit, increases friction between the drill 

25 string and the sides of the borehole, and inhibits 
formation of the thin filter cake that seals formations. 
Clay swelling can also create other drilling problems such 
as loss of circulation or pipe sticking that can slow 
drilling and increase the drilling costs. 

30 

In the North Sea and the United States Gulf Coast, 
drillers commonly encounter argillaceous sediments in which 
the predominant clay mineral is sodium montmorillonlte 
(commonly called "gumbo shale"). Gumbo shale is notorious 
35 for its swelling. Thus, given the frequency in which gumbo 
shale is encountered in drilling subterranean wells, the 
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development of a substance and method for reducing clay 
swelling has long been a goal of the oil and gas 
exploration industry. 

5 The mechanisms of clay swelling are well known. Clay 

minerals are crystalline in nature. The structure of a 
clay's crystals determines its properties. Typically, 
clays have a flaky, mica-type structure. Clay flakes are 
made up of a number of crystal platelets stacked face-to- 
10 face. Each platelet is called a unit layer, and the 
surfaces of the unit layer are called basal surfaces. 

A unit layer is composed of multiple sheets. One 
sheet is called the octahedral sheet, and is composed of 
15. either aluminum or magnesium atoms octahedrally coordinated 
with the oxygen atoms of hydroxy Is. Another sheet is 
called the tetrahedral sheet. The tetrahedral sheet 
consists of silicon atoms tetrahodrally coordinated with 
oxygen atoms. 

20 

Sheets within a unit layer link together by sharing 
oxygen atoms. When thia linking occurs between one 
octahedral and one tetrahedral sheet, one basal surfsce 
consists of exposed oxygen atoms while the other basal 

25 surface has exposed hydroxyla. It is alao quite common for 
two tetrahedral sheets to bond with one octahedral sheet by 
sharing oxygen atoms. The resulting structure, known as 
the Hoffman structure, has an octahedral sheet that is 
sandwiched between the two tetrahedral sheets. As a 

30 result, both basal surfacen in a Hoffman structure are 
composed of exposed oxygen a oms. 

The unit layers stack together face-to- face 4 i are 
held in place by weak attractive forces. The distance 
35 between corresponding planes in adjacent unit layers is 
called the c-spacing. A clay crystal structure with a unit 
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layer consisting of three sheets typically has a c-epacing 
of about 9.5k 10 7 mm. 

In clay mineral crystals, atoms having different 
valences commonly will be positioned within the sheets of 
the structure to create a negative potential at the crystal 
surface. in that case, a cation is adsorbed on the 
surface. These adsorbed cations are called exchangeable 
cations because they can trade places with other cations 
when the clay crystal is in water. In addition, ions can 
also be adsorbed on the clay crystal edges and exchange 
with other ions in the water. 

The type of substitutions occurring within the clay 
crystal structure and the exchangeable cations adsorbed on 
the crystal surface greatly affect clay swelling, s 
property of primary importance in the drilling fluid 
industry. Clay swelling is a phenomenon in which water 
molecules surround a clay crystal structure and position 
themselves to increase the structure's c-apacing. Two 
types of swelling can occur. 

Surface hydration is one type of swelling in which 
water molecules are adsorbed on crystal our faces. Hydrogen 
bonding holds a layer of water molecules to the oxygen 
atoms exposed on the crystal surfaces, subsequent layers 
of water molecules then line up to form a quasi-crystalline 
structure between unit layers which results in an increased 
c-apacing. All types of clays swell in this manner. 

Osmotic swelling is a second type of swelling. Where 
the ccncentration of cations between unit layers in a clay 
mineral is higher than the cation concentration in the 
surrounding water, water is drawn between the unit layers 
and the c-spacing is increased. Osmotic swelling results 
in larger overall volume increases than surface hydration. 
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However, only ci-tain clays, like sodium montraorillonite, 
swell in this manner. 

Exchangeable cations found in clay minerals grsatly 
5 impact the amount of swelling that takes place. The 
exchangeable cations compete with water molecules for the 
available reactive sites in the clay structure. Cations 
w<th high valences are more strongly adsorbed than ones 
with low valences. Thus, clays with low valence 

10 exchangeable cations will *well more than clays whose 
exO-.-maeah's cations have high valences. Sodium cations 
are the exchangeable cations in gumbo shale. As the sodium 
cation has a low valence, it easily disperses into water, 
thereby giving gumbo shale its notorious swell inq 

15 characteristics. 

Although a number of compounds are known for their 
effectiveness in inhibiting reactive shale formations, 
several factors affect the practicality of using swelling 
inhibitor additives in drilling fluids. First, the 
inhibitor must be compatible with the other drilling fluid 
components. The driller of subterranean wells must be able 
to control the rheologlcal properties of drilling fluids by 
using additives such as bentonite, anionic polymers and 
weighting agents. Thus, drilling fluid additives should 
also provide desirable results but should not inhibit the 
desired performance of other additives. However, many 
swelling inhibitors will react with other drilling fluid 
components, resulting in severe flocculation and 
precipitation* 

Second, current drilling fluid components must be 
environmentally acceptable. As drilling operations impact 
on plant and animal life, drilling fluid additives should 
have low toxicity levels and should be easy to handle and 
to use to minimize the dangers of environmental pollution 
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and harm to operator*. Moreover. In tho oil and gae 
Industry today, it 1. -iealrable that addltlva. work both 
onahor. and offehore and in froah and aalt water 
environments. 

Several attempt* have been made to Improve the shale 
Inhibition of water-baa* drilling fluids. One method to 
reduce clay swelling 1. to us* salts In drilling fluids, 
such aa potaaalum chlorid* and calcium chloride. Although, 
salt* generally reduce the swelling of clays, salts also 
tend to flocculate the clay* resulting in both high fluid 
losaes and an almoat complete loss of thlxotropy. Further, 
increasing salinity often decraaeea the functional 
characteristics of drilling fluid additives. 

In order to avoid the d iss d vantage* of salt* a* 
•welling inhibitors, other additive* hav* been axamln*d. 
Other method* examined for controlling clay swelling hsv. 
centered on the us. of surfactants in drilling fluid*. 
Sine* they are adsorbed on the surfaces of clays, 
surfactants added to drilling fluids compete with water 
molecules for clay reactive sltss and thus serve to reduce 
clay swelling. Surfactants can be either cstionic, 
anionic, or nonionic. Cationic aurfactants dissociate into 
organic cation* and inorganic aniona, whil* anionic 
surfactants dis.oci.te into inorg.nic cation, and organic 
aniona. Nonionic surfactanta do not dlssociats. Cstionic 
polymer, have proven to be generally more effective .hale 
inhibitor, than anionic polymers. 

Several cationic polymer systeirs for water-base f lulda 
have been propo**d. On* .y.t.m. a brln.-b... .y.t.m, 
examined two dialkyl dimethyl quaternary ammonium .alt. 
(dlquat.) of th. following general formulat 
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CH, CI 



CH,— (CH,) t — CH,-N * -CH,— (CH,) , — CH, 



whe-ein x-io or 16. Although the shorter chain dlquat 
(x-10) was more affective in recovering ehale than the 
longer chain dlquat (x-16) , the teete indicated that the 
ability of the diqnate to inhibit ahale appeared to be 
hindered by their limited aolubility in water. 

Another attempt examined three trimethyl alkyl 
ammonium chlorides (quata) of the following general 
formula: 



wherein x-10, 14 or 16. 

The quat with the ahorteet chain (x-10) showed the 
best ahale recovery. However, drilling fluids formulated 
using the quat in conjunction with potassium chloride in a 
drilling fluid formulation generated large amounta of foam. 
Consequently, the three quats were judged unsuitable for 
use in drilling. 

Based on the failure of brine-base systems employing 
pctaasium chloride and quaternary compounds, alternative 
cationic polymera were evaluated. Cat ionic polymers were 
again used in conjunction with potaaaium chloride. The 
brine-base system employed potassium chloride and three 



CH, CI 



CKVN'-CH^t-CHj-K-CH, 




additional quatornlzed polymers having the following 
formulas: 

(1) 

OH CH, CI 

I I 
— (CH,—CH--CH,—N •--).— 

CH, 

poly(dimethylamine-co-epichlorohdrin) 
(ID 

-(-CH,— — CH,-).- 

N* CI 
CH, CH, 

P oly(H.H-dimethyl-J,5-dimethylene plperldinium chloride) 

(III) 

_ ( . N _ -N — CH,--CH,-).- 

| I 

x x 

CH, CH, 
poly imidazoline 

Formula I exhibited the beat shale recovery. K 
drilling fluid formula was prepared using conventidnal 
vi.-cosifiers. fluid lose additives, the shale inhibitor ot 
formula I and potassium chloride. The cationlc polymer was 
found to be incompatible vith the conventions! anionic 
additives, i.e.. bentonite, xanthan gum, carboxy methyl 
cellulose (CMC). polyacrylates. etc. A non-ionic 
viacoBifier. hydroxyethyl cellulose, snd e non-ionic fluid 
loss agent, pregelatlniz.d etarch. were ueed ae aubetltutee 
to ovorcotia the incompatibility problem. Further detaile 
regarding the described brine-baae systems deecribed above 
are reported in Beihoffer et al., "The Development of an 
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Inhibitive Cationic Drilling Fluid for Slim-Hole Coring 
Applications, » SPE-19953 presented at the 1990 SPE/IADC 
Drilling Conference held in Houston, Feb. 27-March 2, 1990, 
the subject matter of which is incorporated herein by 
reference. 

Although the described cationlc polymers are effective 
shale inhibitors, the incompatibility of the polymers with 
common anionic drilling fluid additives is a disadvantage. 
Moreover, the catlonic polymers are highly toxic* Since 
environmental concerns are of ever Increasing importance, 
a search for compatible cationic polymers having low 
toxicity has resulted. 

One effort identified two cationic polymers having low 
toxicity and good shale inhibition when used together. The 
first polymer is a high molecular weight cationic 
polyaerylamlde. The second polymer is a quaternary 
polyamine. In the drilling fluid formulation, the high 
molecular weight polyaerylamlde was used for shale 
encapsulation, and the low molecular weight polyamine was 
uued for swelling suppression. Although the two polymers 
had low toxicity, they were totally incompatible with 
anionic polymers in fresh water. Adding salts, such as 
sodium chloride, to increase the ionic concentration, 
alleviated the precipitation problem. However, the 
polymers also caused flocculation of the bentonite 
component of the drilling fluid. This problem was 
corrected by adding polyvinyl alcohol to the formulation as 
a def locculant. Additional details of the described 
system, including toxicity tests and additional background 
on water adsorption and shale inhibition are in Rett et 
ai., "An Environmentally Acceptable and Field-Practical, 
Cationic Polymer Mud System," SPE-23064 presented at the 
Offshore Europe Conference held in Aberdeen, September 3-6, 
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199 1, the subject matter of which is incorporated herein by 
reference* 

Although research has identified cationic polymers 
which are effective shale inhibitors for use as drilling 
fluid additives , otner cationic polymer* with improved 
compatibility and low toxicity are desired. 

The present invention comprises drilling fluid 
additives for reducing the problems associated with clays 
which swell in the presence of water. A particular 
advantage of the additives of the present invention is 
their compatibility with common anionic drilling fluid 
components their low toxicity. 

Generally, the additives of the invention are 
guaternary alkyl amines which are the reaction products 
of a trlhydroxy alkyl amine of the following general 
formula: 



wherein n-1-3, and an alkyl halide or water soluble 
quaternary amine of the following general formula: 



wherein R is selected from the group consisting of alkyl 
radicals having up to 4 carbon atoms, water soluble 
quaternary amines or combinations thereof , and X is a 
halogen selected from the group consisting of chlorine, 
bromine, iodine or combinations thereof. The reaction 
products are believed to be quaternary alkyl amines 
having the following general structure: 



(CH,).~ OH 



H0~(CH ? ).~N~(CH 3 ) .—OH 



R-X 




G 



O 



PY 



OH— ( CH, ) ,~N • - ( CM,) ,~ OH 
I 

<CH,J.--OH 

wherein n, R and X ere defined as above* 

In addition, the additive can be the polymerized 
condensation product of the above described reection 
products. The condensed product is believed to have the 
following general structure: 

(CH,).-- OH (CH,).-- OH 

I I 
- (-0— (CH,) -<CH,) m ~0-- ( CH,) .« N (CH,) O- ) - 

I x ix 

R R 

wherein n, R, and X are defined as above. 

The condensed trihydroxy quaternary amine product 
preferably has a molecular weight ranging from about 200 
to about 15,000 with a preferred molecular weight range 
from about 350 to about ?,000. However, for practical 
purposes the upper limit of the molecular weight is 
governed by maximum viscosities appropriate for polymer 
manufacture. 

The present invention comprises drill* .tg fluid 
additives for reducing the problems associated with clays 
which swell in the presence of water. A particular 
advantaga of the additives of the present invention is 
their low toxicity and their compatibility with common 
anionic drilling fluid components. 
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Ccnerally. the additives of the invention .ire 
quaternary trihydroxy alkyl aminos. Part irular I / , 
preferred compounds are those which are the reaction 
product of a trihydroxy alkyl amine and an alkyl haiide 
5 or another water soluble quaternary amine obtained by 

reacting the compounds according to the following general 
reaction: 

fCH,).-- OH 
10 | 

HO— <CH,).~ N— (CH,).~ OH ♦ R-X > 

R 

I CI 

1* OH--(CH.) a --N'-(CH.).--OH 

I 

(CH,).~OH 

wherein n-1-3, R is selected from the group consisting 
of alkyl radicals having up to 4 carbon atoms, water 
soluble quaternary amines or combinations thereof, and X 
is a halogen selected from the group consisting of 
chlorine, bromine, iodine or combinations thereof. 

25 Preferred trihydroxy alkyl amines are 

trimethanolaaine, triethanolamine and tr ipropanolamine . 
Especially preferred are quaternary trihydroxy alkyl 
amines, such as triethanolamine, reacted with an alkyl 
haiide, such as mcthly chloride. The product resulting 

30 from the reaction of triethanolamine and methyl chloride 
is the quaternary compound triethanolamine methyl 
chloride. 

Another preferred embodiment is the reaction product 
35 of a trihydroxy alkyl amine with an another water soluble 
quaternary amine. For example, an effective dlquat 
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results from reacting trlethanolamine with a water 
soluble quaternary amine. Especially preferred water 
soluble quaternary amines are those having the following 
general formula; 

R, 
I 

R> N* R« — X X 



wherein R, # R, and R, are alkyl groups having up to 3 
carbon atoms and preferably 1 to 2 carbon atoms, R, is a 
hydroxy alkyl having up to 4 carbon atoms, and X is a 
15 halogen selected from the group consisting of chlorine, 
bromine, iodine or combinations thereof. 

In addition, the additive can be the polymerized 
condensation product of the above described reaction 
20 products. For example, the additive can be the condensed 
product of a trihydroxy alkyl quaternary amine having the 
following general formula: 



<CH,),~ OH (CH,).~ OH 

I I 
-(-0~ (CH,) # — N*-(CH,).~ O— <CH,).~ M--(CH,) m — O-)- 
I X | X 

R R 

wherein n-1-3, R is selected from the group consisting of 
alkyl radicals having up to 4 carbon atoms, water soluble 
quaternary amines, or combinations thereof, and X is a 
halogen selected from the group consisting of chlorine, 
bromine, iodine or combinations thereof. 
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The polymerized additives preferably have a 
molecular weight ranging from about 200 to about 15,000 
with a preferred molecular weight ranging from about 350 
to about 5000; however, for practical purpose, the upper 
limit of the molecular weight is governed by maximum 
viecoaities appropriate for polymer manufacture. 

Methods of preparing quaternary anines are well 
known to those of ordinary skin in tne art . In gen . ral 
effective quaternary amine, can be formed by heating the' 
trihydroxy alkyl amine and alkyl halide. or other water 
aoluble quaternary amine compound, to a temperature up to 
about I20»c, preferably between about 65'C and 120»C 
The reactants are maintained at the desired temperature 
up to about 10 hours, and preferably from about 2 to 
about 10 hours, or until the reaction is completed. 
Cenerally, the reaction is complete when the tertiary 
amine value is approximately zero. This point can be 
determined by appropriate analytical techniques. 

The polymerized additives are prepared generally by 
condenaation polymerisation. In a preferred method of 
preparing the polymerized additives, the trihydroxy slkyl 
amine component is first condensed, and then the 
condensates are quaternized. Quaternization of the 
polymerized compounds is performed generally according to 
the procedure described above for the quaternization of 
the trihydroxy alkyl amine. 

In performing the condensation procedure it is 
contempl.ted that several catalysts csn be employed. 
Cenerally, base catalyst, should be employed, as opposed 
to acid catalysts. Catalysts which are believed to be 
effective in preparing polymeric additives having low 
toxicity and compatibility with anionic drilling fluid 
additives include, but are not limited to, sodium 



JST AVAILABLE COPY 



-15- 



203&M-S 



hydroxide , calcium hydroxide, potassium hydroxide and the 
like. Acid catalyst© such aa zinc chloride and calc.um 
chloride do not appear to provide polymeric additives 
having the characteristics of low toxicity and 
compatibility. One theory is that the acid catalysts 
react with the hydroxy groups of the amine compounds. 
However, only routine screening is required to Identify 
catalysts appropriate for use in preparing the 
polymerized additives of ths present invention having the 
characteristics of both compatibility with anionic 
drilling fluid additives and low toxicity. 

The additives of the present invention are added to 
a drilling fluid in concentrations sufficient to deal 
with the clay swelling problems at hand. Concentrations 
between about 0.5 pounds per barrel (ppb) and 10 ppb are 
generally contemplated and are considered to be 
functionally effective. 

It is essential that the drilling fluid ultimately 
selected and formulated tor use in any particular well 
application be balanced to the conditions of the well. 
Therefor*-, although the base ingredients remain the same, 
i.e., aalt or fresh water and the drilling fluid 
additivee of this Invention, other components can be 
added. 

Specifically, materials generlcally referred to as 
gelling materials, thinners, fluid loss control agents, 
and weight materials are typically added to water base 
drilling fluid formulations. Of these additional 
materials each can be added to the formulation in a 
concentration as rheologically and functionally required 
by drilling conditions. Typical of gsl materials used in 
aqueoue baaed drilling fluids are high molecular weight 
polymers such as PHPA, bentonite and salt gel. 
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similarly, lt nas been benefici.1 to 

Hgnculfonat.. .. thi„„, r . for wat . r 5*^** '*» 

* r •»Bodi««nt«, low aolecular u«i nh f « , 
can alao ba add-* « "»cuiar valght polyacrylat.e 

. pmant - «»th«r functiona parforinad by thlnnar. 
includa r.ducin, filtration and c.*. thic^.. 
counteracting tha aff.ct. of .alt. 

...«„ ...",." " '* ' 011 °" 1 "' •"■ |>1 "- '» 
vriou. c.t. ~ . -P'«« "in, 
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Triethanolamine methyl chloride was prepared by 
mixing 60 grams of triethanolamine with 20 grama of 
distilled water. 20 grams of methyl chloride was then 
added to ths solution. The solution was heated at about 
65 »C for approximately 6 hours. Upon completion of the 
reaction the excess methyl chloride was evaporated. The 
reaction product is believed to be as follows: 

CH3 

I cr 

OH — CH, — CH,--N* -CH, — CH, — OH 
I 

CH,— CH,— OH 

15 I" «n alternative embodiment, an Improved drilling 

fluid additive was formed by reacting triethanol amine 
with N,N,N-trimethyl-2-hydroxy-3-chloropropane ammonium 
chloride to form a water soluble diquat. The reaction was 
conducted generally according to the procedure set forth 

20 above for the preparation of the triethanolamlne methyl 
chloride. The reactants have the following formulas! 

CH,-CH,-OH CH, 

I | cr 

25 N-CH,-CH,-0H ♦ ChVN'-CH^CH-CHj-Cl 

I I I 

CH,-CH,-0H CH, OH 

Tho resulting product <s believed to have the following 
30 structure: 

CH, CH,-CH,-OH 

I cr | cr 

CH,-N • -CH,-CH-CH,-N • -CH,-CH,-0H 

35 III 

CH, OH CH,-CH,-0H 
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Condensate, of triethanolamine were prepared using 
variou. cat.ly.te, followed by quat.rnltation of the 
eond.n..te.. Zn general, the condena.t. .«» P i«. w-r . 
prepared by mixing 200 gram, of trlethanolamin. with 1 to 
10% of the catalyst by w.ight. Th. c.t.ly.t. employed In 
preparing the sample-, were .odium hydroxide, zinc 
chloride and calcium chloride. 

Generally, the mixture, were he.ted between about 
loo-c to about 250-C for ..veral hour, until the de.ir.d 
cond.n..tion wa. achievad. The conden.ation water wa. 
distilled off during the reaction. The tri.th.nolamln. 
cond.n.ate. wer. then quat.rnUed generally according to 
the procedure .et forth for the preparation of the 
trlethanolamin. methyl chloride described above. 

The following table summsriass th. .ample, pr.p.r.d 
and di.cua.ed in the following example.. 

TABLE 1 

SnMP I lK * comma 

1 Triethanolamine- 
methyl chloride 

2 ~ 7 Trlethanolaalne - 

methyl chloride 
condensate. 



2-hydroxy-H, N, N-trl- 
methyl-N',N',N'- 
trla(2-hydroxy- 
•thyl) 1,3-prop.n. 
diammonium dichlorld. 

The following tabl. .ummarite. the viscositie. of 
the trlethanolamin. condensate, and the cataly.t. u.ad in 
the preparation of each sample. 
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TABLE, 2 

VISCOSITY f CPS) CATALYST 

10 # 50O NaOH 

20,000 caci, 

12,300 2nd, 

30,000 CaCl, 

20,000 NaOH 

80,000 caci, 

The viscosities indicated in Table 2 are for the 
trlethanolamlne condensates prior to quaternlzr tion. 

The following examples are submitted for the purpose 
of illustrating the toxicity and performance 
characteristics of the present quaternlzed trlhydroxy 
alkyl amines and condensates thereof. The tests were 
conducted in accordance with the procedures in API 
Bulletin RP 13B-2, 1990. The following abbreviations are 
sometimes used in describing the results discussed in the 
examples: 

"PV" is plastic viscosity which is one variable used 
in the calculation of viscosity characteristics of a 
drilling fluid. 

»YP» is yield point which is another variable used 
in the calculation of viscosity characteristics of 
drilling fluids. 

•GELS" is a measure of the suspending 
characteristics and the thixotropic properties of a 
drilling fluid. 

"F/L" is fluid loss and is a measure of fluid loss 
in milliliters of drilling fluid at 100 psia. 
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Example 1 



Test results indicate that significant reductions in 
clay swelling can be obtained by adding the trihydroxy 
alkyl quaternary amines of the present invention to 
drilling fluids. The following experiment shows the 
inhibition of bentonite clay. The reduction in normal 
yield point and viscosity Indicates the inhibition of 
clay. 

The experiment was carried out by adding 8 grams of 
the test sample to 330 ml of distilled water. SO grams 
of bentonite clay was then added to the solution and the 
mixture was sheared for 30 minutes in a Hammilton Beach 
mixer and the rheology was measured by viscosity meter 
according to the API procedure described above. The 
control contained only the bentonite clay and distilled 
water. The results are summarized below in Table 3. 



TXBLL 3 
Rheology % 75 F. 



REM 


Sample x 


Sample fi 


Control 


600 


12 


10 


300 


300 


8 


6 


290 


200 


6 


5 




100 


4 


4 




6 


3 


2 




3 


3 


2 




PV/YP 


4/4 


4/2 


10/28O 



example 2 

Samples of the additives of the present invention 
were also tested for compatibility with common anionic 
drilling fluid components. A 1-2% solution of anionic 
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polymers (poly PAC LV - low viscosity polyanionic 
cellulose end PHPA - partially hydrolyzed polyacrylaBide) 
were prepared in distilled water. 30 percent aqueous 
solutions of the samplos of this Invention were added to 
5 the polymer solutions. The precipitation of the anionic 
polymers from the solution indicated non-compatibility of 
the samples with anionic polymers. The results of the 
experiment are summarized in the following table. 



10 TABLE 4 

COMPATIBILITY COMPATIBILITY 

SAMBLE (PAC LY) 'phpai 

1 YES YES 

2 YES YES 
15 ** NO NO 

4 NO NO 

5 NO NO 

6 YES YES 

7 NO NO 
20 8 YES YES 



As indicated , polymers condensed employing the 
sodium hydroxide catalyst resulted in a condensed product 
that was compatible with anionic drilling fluid 

25 components. The acid catalyzed polymers failed to 

produce a product that was compatible. Having identified 
this characteristic in the preparation of the polymers of 
the present invention, those of ordinary skill In the art 
can identify by routine screening other suitable 

30 catalysts which produce the condensed trihydroxy alkyl 
quaternary amines having the characteristic of 
compatibility with anionic polymers. 

Example 3 

35 Teatinq was conducted to assess the toxicity levels 

associated with ualng the trihydroxy alkyl amines of the 
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Action";:" 0 " United 

* ' • A acta i led Account of 

ur toxicity testa are provided below. 

TABLP g 

> i,ooo,ooc ppn 

> 1,000,000 ppm 

3 < 10 , ooo ppm 

4 < 10,000 pp B 

5 < 10,000 pp. 

> lr 000, 000 ppn 
1 < 10,00C ppm 

> 1,000,000 ppn 
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The data Indicate that the samples which are 
compatible with anionic polymers are non-toxic while the 
compounds which are non-compatible with anionic polymers 
are toxic* Accordingly, the trihydroxy alkyl quaternary 
5 amines, and condensed products thereof, of the present 
invention are characterized by both compatibility with 
anionic polymers used in drilling fluids and low 
toxicity. 

10 example 4 

Drilling fluids were prepared to test the 
effectiveness of the additives of the present invention 
in a simulated drilling iluld system. Drilling fluids 
15 were prepared using common drilling fluid additives and 
three tests were conducted. 

Drilling fluid tl contained 40 pounds per barrel 
bentonite gel in addition to other drilling fluid 

20 additives. After heat aging at 1S0T., the viscosities 
were too thick to measure, indicating an unusable 
drilling fluid due to hydration of the clays. Drilling 
fluid $2 had 33.8 grams of potassium chloride, and 10 
pounds per barrel prehydrated gel slurry. Even without 

25 extra gel, the rheologlea were higher than for drilling 
fluid /3 which contained prehydrated gel as well as 40 
pounds per barrel bentonite gel. The rheology tests for 
drilling fluid /3 Indicate that the trihydroxy alkyl 
quaternary amines of the present invention prevented 

30 bentonite from swelling in a simulated drilling fluid 

system. The components of the three drilling fluids are 
provided below In Table 6. 
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TABLE $ 



10 



15 



20 



Materials 




Elul<J 2 


FJuirt . 


10 ppb Bentonite 
Slurry (prehydrated) 


152 ml 


152.nl 


152 ml 


Seawater 


152 ml 


152 m) 


152 ml 


Lube 167 


7.0 ml 


7.0 ml 


7.0 ml 


Polymer A 






8.0 ml 


PolyPac Ultra Low 


1.5 ml 


1.5 ml 


1.5 ml 


KC1 




33.8 g 




Bnrlte 


60 


60 


60 


KOH 


0.75 


0.75 


0.75 


XCD Polymer 


0*5 


0.5 


0.5 


Bentonita Gal 


40 




40 



Aged 16 houra # 150 F. # Rolling 

I*!?}?, 7 bel0 Y 8u » m «i2eB the rheology teata for the three 
30 drilling fluids. 
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TABLE 7 
Rhe o logy 



10 



15 



RP» 


riuiu i 


fluid 2 




600 


* 


50 


43 


300 


* 


34 


24 


200 


* 


27 


17 


100 


* 


19 


9 


6 


* 


6 


2 


3 


• * 


5 


1 


PV 


• 


16 


19 


YP 


* 


18 


5 


GELS 


* 


4/13 




P H 




*.2 


8.0 


API F/L 


* 


10.4 nl 


8.8 ml 



• Viscosity to high to measure. 

Although fc he rreren*d embodiment of this invention 
20 has been described in some detail, it should be 

appreciated that a variety of embodiments will be readily 
available to a person utilizing such drilling fluid 
additives for a specific end use. The description of the 
composition and method of this invention is not intended 
25 to be limiting on this invention, but is merely 
illustrative of the preferred embodiment of this 
Invention, other drilling fluid additives and methods of 
suppressing clay hydration which Incorporate 
modif Uetions or changes to that which has been described 
30 herein are equally included within this application. 
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WHAT IS CLAIMED IS: 



1. A watcr-base drilling fluid containing the 
reaction product of a trihydroxy alkyl amine of the 
following general formula: 

(CH,).--OH 
I 

HO— CCH,) N~ (CH,J .—OH 

wherein n-1-3, with an alxyl halide of the following 
general formula: 



R-X 



wherein R is an aUcyl radical having up to 4 carbon 
atoms, or a water soluble quaternary amine, and X is a 
halogen selected from the group consisting of chlorins, 
bromine, iodine, or combinations thereof, said reaction 
product being further characterised by (l) low toxicity 
and (2) compatibility with anionic drilling fluid 
components, sain reaction product being present in the 
drilling fluid in sufficient concentration to reduce the 
swelling of a clay which swells in the presence of water. 

2. The drilling fluid of claim 1 wherein the 
trihydroxy alkyl amine is selected from the group 
consisting of trimethanolamine, triethanolamine or 
tripropanolami ne • 



3. The drilling fluid of claim 1 wherein R is 
methyl. 



4. The drilling fluid of claim 1 wherein X is 
chlorine. 
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5. The drilling fluid of claim 1 wherein the 
trihydroxy alky amine is selected from the group 
consisting of trimethanolamine, trlethanolamine and 
tripropanolamine, and R is methyl and X is chlorine. 

6. The drilling fluid of claim l wherein said 
water soluble quaternary amines are those having the 
following general formula: 

I 



wherein R l# R, and R, are alkyl groups having up to 3 
carbon atoms, R* is a hydroxy alkyl having up to 4 carbon 
atoms, and X is a halogen selected from the group 
consisting of chlorine, bromine, iodine or combinations 
thereof. 

7. The method of claim 1 wherein the reaction 
product is a trihydroxy alkyl amine alkyl halide having 
the following general formula: 

n 

OH— (CH,),-- N'-CCH,).-- Oil 
I 

(CH,).— OH 

wherein n-l-3, R is an alkyl radical having up to 4 
carbon atoms, or a water soluble quaternary amine, and X 
is a halogen selected from the group consisting of 
chlorine, bromine or iodine, said additive being further 
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character i2ud by (1) low toxicity and (2) compatibility 
with anionic drilling fluid additives. 

8. The drilling fluid of claim 7 wherein the 
reaction product is trlethanolamine methyl chloride. 

9. A water-base drilling fluid containing the 
condansod reaction product of of s trlhydroxy alkyl amine 
of the following goneral formula* 

(C!!,).-- OH 
I 

HO— ( CH,) „~ N— ( CH,) ,~0H 

wherein n-1-3, with an alkyl halide or water soluble 
quaternary amine compound of the following general 
formula: 

R-X 

wherein R is an alkyl radical having up to 4 carbon 
atoms 9 or a water soluble quaternary amine, and X is a 
halogen selected from the group consisting of chlorine, 
bromine, iodine, or combinations thereof, said condeneed 
reaction product being further characterized by (1) low 
toxicity and (2) compatibility with anionic drilling 
fluid components, eaid condensed product present in the 
drilling fluid in sufficient concentration to reduce the 
swelling of a clay which swells in the presence of water. 

10. The drilling fluid of claim 9 wherein said 
trlhydroxy alkyl amine is selected from the group 
consisting of trimethanolamine, triethanolamine or 
tripropanolamine. 
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11. The drilling ifluH of cltlm » wherein X le 
chlorine. 



12. The drilling fluid of claim 9 wherein R la 
methyl . 

13. The drilling fluid of claim 9 wherein the 
trihydroxy elkyl amine ie eeleeted from the group 
coneieting of trlaethanolamine.triethanolaalne end 
tripropanolamine, end R le methyl and X ia chlorine. 

14. The drilling fluid of claim 9 wherein aald 
water eoluble quaternary aminea are thoee having the 
following general formula: 



R. 
I 

R> "* Ri — X X 

I 

Ri 

wherein R,, r, end R, are elkyl groups having up to 3 
carbon atoms . R. is a hydroxy alkyl having up to 4 carbon 
atome, and X la e helogen aelected froa the group 
coneieting of chlorine, bromine, iodine or coablnatlona 
thereof . 

15. The drilling fluid of cleia 9 wherein the 
condensed product la a trihydroxy alkyl queternery amine 
having the following qeneral formula: 

(CH,),— oh (CH-). — oh 

• I 
-(-O-(CH 1 )."N--(CH J ).-0-(CH 1 ).--K'-(CH,).-O-)- 
I * | X 
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wherein n-1-3, R la selected from the group consisting of 
alkyl radicals having up to 4 carbon atoms, water soluble 
quaternary amines, or combinations thereof, and X is a 
halogen selected from the group consisting of chlorine, 
5 bromine, iodine or combinations thereof. 

16. The drilling fluid of claim 15 wherein said 
condensed reaction product is the condensed form of 
triethanolamine methyl chloride. 

10 

17. A method of reducing the swelling of clay in a 
well comprising circulating in the well a water baoe 
drilling fluid containing a functionally effective 
concentration of the additive formed from the reaction 

15 product of a trihydroxy alkyl amine of the following 
general formula: 

<CH 3 ),~OH 

I 

20 HO— (CHj), — N — (CH^—OH 

wherein n-1-3, with an alkyl halide or water soluble 
quaternary amine compound of the following general 
formula: 

25 

R-X 

wherein R is an alkyl radical having up to 4 carbon 
atoms, or a water soluble quaternary amine, and X is s 
30 halogen selected from the group consisting of chlorine, 
bromine, iodine, or combinations thereof, said reaction 
product being further characterized by (i) low toxicity 
and (2) compatibility with anionic drilling fluid 
components . 

35 
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18. The method of claim 17 wherein eald trihydroxy 
alkyl amine is selected from the group consisting of 
trlmethanolamine, trlethanolamine or trlpropanolaalne. 

19. The method of claim 17 wherein X ie chlorine/ 

20. The method of claim 17 wherein R ie methyl. 

21. The method of claim 17 wherein the trihydroxy 
alkyl amine ia selected from tho group conaletlng of 
trlmethanolamine, trlethanolamine, and trlpropanolamlne, 
and R la mothyl and X la chlorine. 

22. The method of claim 17 wherein said water 
aoluble quaternary amines are those having the following 
general formula: 

R. 
I 

R, N* — X X 



wherein R l# R 2 and R, are alkyl groups having up to 3 
carbon atoms, R« is a hydroxy alkyl having up to 4 carbon 
atoms, and X is a halogen selected from the group 
consisting of chlorine, bromine, iodine or combinations 
thereof. 

23. The method of claim 17 wherein the reaction 
product is a trihydroxy alkyl amine alkyl halide having 
the following general formula: 

R 

I x- 

OH— ( CM, ) N • - ( CM, ) OH 
I 
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(CH,).~OH 

wherein n-l-3, R io an alkyl radical having up to 4 
carbon atoms, or a water soluble quaternary amine, end X 
5 is a halogen selected from the group consisting of 

chlorine, bromine or iodine, said additive being further 
characterized by (l) low toxicity and (2) compatibility 
with anionic drilling fluid additives. 

10 24 • The method of claim 23 wherein the reaction 

product is triethanolaaine methyl chloride. 

25. A method of reducing the ewe) ling of clay in a 
well comprising circulating In the Well a water-base 
15 drilling fluid containing a functionary effective 

concentration of the additive formed from the condensed 
reaction product of a trihydroxy alkyl amine of the 
following general formula: 

20 (CHi).--OK 

I 

HO — (CHJ ,~M— (CH,) .—OH 

wherein n»l-3, with an alkyl halide or water soluble 
25 quaternary amine compound of the following general 
f ormu 1 a : 

*-x 

30 wherein R is an alkyl radical having up to 4 carbon 

atoms, or a water soluble quaternary amine, and X is a 
halogen selected from the group consisting of chlorine, 
bromine, iodine, or combinations thereof, said condensed 
reaction product being further characterized by (1) low 

35 toxicity and (2) compatibility with anionic drilling 
fluid components. 
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10 



30 



35 



26. The method of claim 25 wherein the condensed 
product le . trihydroiy allcyl quaternary amine having the 
following general formula: 

<CH,>.-0H (CH,).--0H 

I I 
- ( -O- ( CH,) .--N*- (CH,) .--O- (CH,) .--H*- (CH,)."0-)- 

I x- | X 

* R 



wherein n-1-3. R i. selected from the group conei.ting of 
allcyl radical, having up to 4 carbon atoms, water soluble 
quaternary amines, or combinatione thereof, and X is a 
halogen selected from the group consisting of chlorine. 
15 bromine, iodine or combinations thereof. 

27. Tho method of claim 26 wherein said product is 
the condensed form of tristhanolamins methyl chloride. 

20 20. A method for controlling hydration in the 

drilling of aubtsrransan walls comprising sddlng s 
functionally sffsctivs amount of a quat.rnis.d trihydrojcy 
allcyl amine to a drilling fluid, said amine comprising 
the reaction product of a trihydroxy alkyl amine of the 

25 following gsnsrsl formula: 

(CH,).— OH 
I 

HO (CH,). — N — (CM,). — OH 



wherein n-i-3. with an alkyl halide of the following 
general formula: 



R-X 
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wherein R la an alKyl radical having up to 4 carbon 
atom*, or a water aoluble quaternary amine, and X ie a 
halogen aelected fro* the group coneieting of chlorine, 
bromine, iodine, or combinations thereof, eaid condensed 
reaction product being further characterized by (l) low 
toxicity and (2) compatibility with anionic drilling 
fluid components, and injecting said drilling fluid into 
a subterranean well. 

29. The method of claim 28 wherein said trihydroxy 
alkyl amine is selected from the group consisting of 
trimethanolamine, triethanolamine or tripropanolamine. 

30. The method of claim 28 wherein X is chlorine. 

31. The method of claim 28 wherein R is msthyl. 

32. The method of claim 28 wherein the trihydroxy 
alkyl amine is selected from the group consisting of 
trimethanolamine, triethanolamine and tripropanolamine, 
and R ie mithyl and X is chlorine. 

33. The method of claim 28 wherein said water 
•oluble quaternary amlnee ere those having the following 
general formula: 

R. 
I 

Ri W R* — x x 

I 

R> 

wherein R, , R, and R, are alkyl groups having up to 3 
carbon utema, R« is a hydroxy alkyl having up to 4 carbon 
atoma, and X ie a halogen sslscted from the group 
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consisting of chlorine, bromine, iodine or combinatione 
thereof . 

34. The method of claim 26 wherein the reaction 
product ie e trihydroxy alkyl amine alkyl helide having 
the following general formula: 

R 

I x- 

0H-- (CH,).--N'- (CH,). — OH 
I 

(CH,),~ OH 

wherein n-i-a, r u an alkyl radical having up to 4 
carbon atoms, or a water soluble quaternary amine, and X 
is a halogen selected from the group consisting of 
chlorine, bromine or iodine, said additive being further 
characterized by (i) low toxicity and (2) compatibility 
with anionic drilling fluid additives. 

35. The method of claim 34 wherein the reaction 
product is triethanolamine methyl chloride. 

36. a method for controlling hydration in the 
drilling of subterrenean wells comprising adding a 
functionally effective amount of the condensed form of 
the reaction product of a trihydroxy alkyl aBi „ e of the 
following generel formula: 

(CH,),--ch 
I 

HO— (CH,) .— H— (CH,) .--OH 

wherein n-l-3, with an alkyl halide or weter soluble 
quaternary amine compound of the following general 
formula: 
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R-X 

wherein R is an alkyl radical having up to 4 carbon 
atoms, or a water eolubJe quaternary amine , and X is a 
9 halogen eel acted from the group cons la ting of chlorine, 
bromine, iodine, or combinations thereof, said condensed 
reaction product being further characterized by (1) low 
toxicity and (2) compatibility with anionic drilling 
fluid component a, and Injecting said drilling fluid into 
10 a subterranean well* 

37. The drilling fluid of claim 36 wherein the 
condensed product is a trihydroxy alkyl quaternary amine 
having the following general formula: 

(CH,) A ~-OH (CH,).~OH 

I I 
- (-0— (CH,) (CH a ).--0~ (CH,) (CH,) .--0-) - 

I x- | X 

20 R R 

wherein n-1-3, R is selected from the group consisting of 
alkyl radicals having up to 4 carbon atoms, water soluble 
quaternary amines, or cosbinatlone thereof, and X is a 
25 halogen selected from the group consisting of chlorine, 
bromine, iodine or comblnationa thereof. 

38. The method of claim 36 wherein said product is 
the condensed form of trlethanolamine methyl chloride. 

30 
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